In previous papers Braude, Kon & White (1943 , 1944 described the development of rickets in fattening pigs on diets containing a large proportion of yeast, its cure or complete prevention with vitamin D, and its partial prevention with additional calcium salts. The yeast was added as a protein supplement to normal fattening rations to the extent of &zo%. The cause of the rickets remained obscure, though it was unlikely (Braude et al. 1944) that it was due to the high phosphorus content of the yeast.
Further Studies of the Rachitogenic Effect of Dried Yeast in Pig Diets
In previous papers Braude, Kon & White (1943 , 1944 described the development of rickets in fattening pigs on diets containing a large proportion of yeast, its cure or complete prevention with vitamin D, and its partial prevention with additional calcium salts. The yeast was added as a protein supplement to normal fattening rations to the extent of &zo%. The cause of the rickets remained obscure, though it was unlikely (Braude et al. 1944) that it was due to the high phosphorus content of the yeast.
The present paper describes further attempts to determine the nature of the rachitogenic factor, some of them, including a test of stability of the factor to heat, made some time ago, others recent, dealing with the possible connexion between the rachitogenic effect and the phytate phosphorus content of the diet.
Practical rations for pigs, because of their high cereal content, are relatively rich in phytic acid; this is normally hydrolysed in the gut by the phytase present in the majority of cereals (Pedersen, 1940; Mollgaard, 1946) . It seemed possible that yeast might in some way inhibit the hydrolysis of phytic acid in the diet and that this would affect the availability to the pig of calcium and phosphorus and lead to rickets. Experiments were therefore planned to test this point. In the meantime Hoff-Jsrgensen (1947) published results of experiments in vitro supporting the view that brewer's yeast inhibited phytase activity.
EXPERIMENTAL

Exp. 6.* Autoclaved yeast, irradiated yeast and yeast residue in relation to yeast rickets in pigs Selection of animals
Large White pigs, 10-1 I weeks old, from five litters were divided into five blocks of six pigs, and a pig from each block was allocated by toss of coin to one of the six diets described below.
Diets
The composition of the diets is given in Table I and their chemical analysis in Table 2 . They were given as a wet mash in the way and in the quantities described by 
VOl. 2
Dried yeast and rickets in f@s 67
( 2 ) Autoclaved yeast diet. This was the same as diet I with the yeast autoclaved for 6 hr. at 1 2 0 ' . The purpose of this change was to find out whether the factor causing rickets was stable to heat. 
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The composition of the diets is calculated from that of the components. The autoclaved yeast used in diet z m e from the same batch as the dried yeast and was not analysed again after autoclaving. The irradiated yeast added to diet 3 and the sodium bicarbonate added to diet 5 are not included in these figures.
--s (3) Ir~adiafed yeast diet. This was diet I supplemented with 2 g. irradiated yeastlpig daily. A sample of the dried brewer's yeast was finely ground so that 70% of it passed through a 100 mesh sieve and 2 kg. of it were spread as evenly as possible over a circle 6% ft. in diameter marked out on a large sheet of glazed paper. Over the centre of this circle, and 30 in. from it, a quartz mercury-vapour lamp was suspended. After 20 min. irradiation the powder was collected and the operation repeated twice, i.e. the yeast was irradiated in all for I hr. The vitamin D potency of the irradiated yeast was not determined, but from results obtained under simiIar conditions by Booth (1934) it can be gauged that it was not less than 500 i.u./g. As the addition of a small quantity of rradiated yeast would be convenient under practical conditions, the mixture was tested to find out whether it would make safe the feeding of large quantities of dried yeast to pigs. 
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Experimental details
The main experiment lasted 24 weeks and records of growth and food intake were kept. With a few animals the feeding was extended beyond 24 weeks for reasons given below. Blood samples were taken at the beginning of the experiment, after 12 weeks and after 24 weeks, and[the serum calcium was determined by the Clark & Collip (1925) modification of the Kramer & Tisdall(1g21) method. The pH of the intestinal contents of two blocks of pigs was determined at slaughter by means of a glass electrode.
Results
The pigs in the first three blocks completed the experiment without any disturbance. In blocks 4 and 5 five pigs died rather suddenly during a fortnight in February in which abnormally cold weather was experienced. At the time of death some of them were already affected by the experimental treatments, but it is most unlikely that these were directly responsible for the sudden deaths. Poisoning was suspected but could not be proved. Post-mortem examinations did not provide any clue besides showing that the deaths were due to non-specific causes, pneumonia and enteritis. All surviving pigs in block 4 which were nearly of bacon weight, were slaughtered as a precautionary measure, and only three pigs remained in block 5. It was, therefore, decided not to include the incomplete records of these animals in the present paper. Thus the results are based on the first three blocks only, i.e. each of the treatments was replicated three times. Table 3 gives details of growth and food consumption of the pigs in these three blocks. The pigs which received the normal fish-meal diet and the yeast diet supplemented with irradiated yeast (diets 3 and 6) appearednormal. They consumed their food readily; their daily live-weight gain and food utilization were as good as could be expected from the wartime quality of the feeding-stuffs which made up their rations.
On the other hand, the behaviour of some of the pigs which received the other four diets was obviously abnormal. In block I the pigs receiving the yeast diet (diet I), the 
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Fish meal In block 2 none of the pigs showed definite symptoms of rickets. The pigs receiving diets I and 5 refused food in the later stages of the experiment, while the pig receiving diet 4 refused food throughout the experimental period and grew at a slow rate, but showed no other abnormal symptoms. The pig receiving diet 2 grew at an irregular rate but otherwise appeared normal.
In block 3 only pigs receiving diets 4 and 5 definitely deviated from normal. They grew slowly and frequently refused f k d , but no other symptoms were observed.
The pH of the intestinal contents of the pigs in the two blocks tested was not affected by the diet (Table 4) . Pigs on diets 3 and 6 maintained their serum-calcium level throughout and even showed a slight increase in the final estimation ( On the other hand, the values for all the other pigs declined, especially for the three pigs in block I which showed symptoms of rickets. At the conclusion of the main experiment each of these three animals was given 30 g. daily of controlled cod-liver oil mixture for a period of g weeks and recovered completely. 
Experimental details
Four pairs of litter-mate Large White pigs, 12 weeks old, were divided into two groups of four pigs each. Both groups were given a normal fattening ration for 5 weeks when a composite sample of faeces was taken from each group and analysed for phytate phosphorus. Subsequently one group received a control meat-and-bone meal diet similar to that used previously in this series of experiments (Braude et al. 1943) , while the other group was given the 20% yeast diet. The composition of the diets and their phytate phosphorus contents are given in Table 6 .
When the pigs had been I week on these diets, and again 2 weeks later, samples of faeces were taken from each group and analysed for phytate phosphorus. The diets were given for another month and were then followed for a period of 5 weeks by diets in which the phytase had been destroyed. The diets were fed as a wet mash (Braude et d . 1943) and to destroy the phytase, instead of cold water, boiling water was used for mixing according to the method of Pedenen (1940); the mash was allowed-to cool before being given. The phytate phosphorus content of the faeces was determined after I, 4 and 5 weeks on these diets. 
Results
The results of the experiment are given'in Table 7 . They do not suggest any inhibitory effect of yeast on the intestinal hydrolysis of phytate. On the contrary, pigs receiving yeast excreted no measurable amounts of phytate phosphorus though some was present in their faeces when they were eating the control fattening ration. With the meat-and-bone meal ration, however, more phytate passed through the gut unchanged and it is remarkable that the replacement of 1oy0 fish meal by 10% meat-and-bone 
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Phytate P/g. meal should have had such a definite effect. In fact the result could be interpreted as indicating inhibition of phytase activity by the meat-and-bone meal. When the phytase in the diet was destroyed, the excretion of phytate phosphorus by both groups of pigs increased, but again much more phytate was found in the faeces of the pigs which received the meat-and-bone meal.
It is clear that these findings neither support our original tentative explanation of the rachitogenic effect of yeast nor agree with the results of Hoff-Jsrgensen's (1947) tests in vitro. A repetition of his tests with the yeast used in the pig experiment seemed, therefore, desirable. The effect of yeast on the hydrolysis of solutions of pure sodium phytate was determined by a method essentially that of Hoff-Jsrgensen (1947). The phytase solution was prtpared by shaking wheat bran for 2 hr. with ten times its weight of water; it was then filtered through muslin and toluene was added as a preservative.
To a suitable amount of sodium phytate in a 250 ml. centrifuge tube, 50 ml. of the phytase solution were added, followed by o~z~-acetate buffer to give the desired volume (about 100 m1.)-In experiments with yeast it was shaken for I hr. with 50 ml. of the acetate buffer and the sodium phytate and the phytase solution were then added. In all cases the pH of the final system was adjusted to 5-20. The tubes were incubated for 2 hr. at 3 0 ' . After incubation 10 ml. of solution were removed from each tube and
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Dried yeast and rickets in pl;gswere replaced by 10 ml. of 5 N-HC~ to stop the hydrolysis. After centrifuging, the phytate phosphorus was measured in the supernatant liquid.
Yeasts tested
Dried brewer's yeast, fresh brewer's yeast (from Messrs H. and G. Simonds, Reading) as received from the brewery, washed brewer's yeast, i.e. fresh brewer's yeast filtered on a Buchner funnel and washed with water in order to remove the beer residues, and fresh baker's yeast were used. 
Results
The results of this experiment are given in Table 8 . They show that yeast, whether fresh or dried, does not inhibit, in vitro, the hydrolysis of sodium phytate by a preparation of wheat phytase. If anythmg, the breakdown was rather more pronounced in the presence of the yeast.
DISCUSSION
The outcome of these experiments is essentially negative in that they give little clue to the nature of the rachitogenic factor in yeast. Its presence in autoclaved yeast indicates that it is stable to heat. Whatever the mode of action of yeast it is clear that the attractive suggestion that it acts by inhibiting the breakdown of phytic acid (cf. p. 66) is fallacious. It seems clear that most of the phosphorus present in the yeast diet must be available to pigs. As a matter of fact the phytic acid was more completely hydrolysed in the gut with the yeast diet than with the meat-and-bone meal diet. The difference 3. The addition to the rachitogenic diet of 2 g./pig daily of irradiated yeast prevented the occurrence of rickets.
4. The addition to the rachitogenic diet of 2.5% sodium bicarbonate failed to prevent rickets, showing that the protective value of Galcium carbonate (Braude et al.
1943
, 1944) was due to calcium per se and not to the alkaline nature of the addition.
5.
The feeding of the residue from the preparation of a yeast extract gave inconclusive results.
6. Experiments with pigs disproved our tentative assumption that dried yeast caused rickets by inhibiting the intestinal breakdown of the phytic acid of the diet. In agreement with this, but contrary to the finding of Hoff-Jergensen (1947), in vitro tests did not show any inhibition of phytase activity by dried yeast.
pigs (Braude et al. 1943 (Braude et al. , 1944 ) have yielded essentially negative results.
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